Abstract. 
X -8 THOMPSON AND RICHARDS: SOUTHERN OCEAN JET VARIABILITY
decays as it enters a weak PV gradient region, while a new jets forms in the vacated 136 region. This process is described schematically in Figure 1a . This behavior has a key connection with jets since EKE levels, in part, determine jet spacing. While the exact formulation of this relationship remains controversial, jet spacing in many models (e.g. Sinha and Richards 1999) is accurately described by the Rhines scale,
where U e is an eddy velocity and β is the barotropic large-scale PV gradient. This re- 
149
The interaction between the Rhines scale and the topographic scale has been studied in
150
QG models (Hogg and Blundell 2006, Thompson 2010) and has been shown to generate a flow regime that is characterized by continuous oscillations between topographically-152 steered and zonally-symmetric states. The transition between these states is accompanied 153 by a complete reorganization of the jet structure. The process that leads to these oscil-
154
lations is described in the schematic in Figure 1b . Generation of a meridional mean flow 155 through topographic steering leads to a burst in eddy kinetic energy, which causes eddy 156 length scales to grow larger than the topographic length scale through an inverse cascade.
157
In this state, Reynolds stresses generate a purely zonal flow. The large-scale PV gradient 158 is too strong to support the wide mixing regions associated with the high eddy energy 159 state. Thus, the eddy kinetic energy of the system decays and the associated eddy length 160 scale decays until the topographic effects become important again and the cycle repeats.
161
A key aim of this study is to determine whether the processes described in this sec- 
OFES model and diagnostics
To explore the interaction between jets and topography in a more realistic context, 165 we examine output from the Ocean General Circulation Model for the Earth Simulator analysis is confined to a set of local regions that provides an overview of various dynamics 181 found in the ACC.
182 Figure 3 shows a snapshot of speed ( 
207
For nearly two-dimensional motion (w ≈ 0), horizontal momentum in the primitive equation model evolves according to
where u is the horizontal velocity vector, f is the Coriolis frequency, p is pressure, ρ 0 is a reference density and F represents frictional terms. Taking a time average over the fast time scale associated with the high frequency variations, indicated by an overbar, (2)
where u T indicates that the mean flow is evolving on the slow timescale T > T cut . The final term represents the familiar eddy-induced acceleration of the mean flow due to Reynolds stress correlations. Assuming that the flow is largely two-dimensional so that u
the Reynolds stress term can be written as (Hughes and Ash 2001):
where ζ ′ is the vertical vorticity component v briefly, the first term on the right hand side of (4), the total eddy kinetic energy, may be subsumed in a modified pressure (e.g. a change in sea surface height), while the remaining
describes acceleration of the mean flow solely due to eddy fluxes. This decomposition 208 also highlights the relationship between zonal momentum forcing and meridional vorticity 209 fluxes.
210
The evolution equations for the mean and eddy energy components are then formed by multiplying (2) by u and u ′ respectively and averaging in time. The components of the mean kinetic energy (MKE) budget, keeping the notation from above, are ∂ ∂t
Terms on the right hand side represent advection of MKE by the mean flow, work by the mean (modified) pressure flux (or energy transfer between MKE and potential energy), horizontal and vertical viscous dissipation, F , and kinetic energy conversion between eddy and mean components,
Transfer of kinetic energy from eddy to mean components occurs where R is positive.
211
Note that for a zonally symmetric mean flow (v = v ′ v ′ x = 0), and (7) 
We calculate the full value of R given in (7), but 213 the quantities shown in section 4 include a further zonal average since, in the domains 214 considered, the flow is predominantly zonal. In general u ≫ v.
215
In section 5 we consider how the impact of the jets on the spatial and temporal variability of the (dynamical) tracer potential vorticity (PV). Since PV is largely conserved in the interior and has a dynamical relationship with the jet structure, we analyze the time evolution of PV along isopycnals. Data from OFES is provided on 54 level surface, so PV, q, is first calculated on each level using
where to the north, allowing drift in this direction. This is consistent with behavior observed in 275 the QG model, but a longer time series would be needed to confirm this relationship.
276
A striking feature of panel (c) is that despite temporal smoothing, energy transfer 277 between eddy and mean components occurs in bursts localized in both time and space.
278
Thus the forcing of the jet arises as a series of steps that displace the jet northward through 279 the domain. These punctuated shifts in position, as opposed to a smooth drift, may be 280 due to the low frequency appearance of strong eddies that are efficient at mixing the fluid 281 and accelerating the mean flow. Alternatively, as discussed in the following paragraph,
282
Reynolds stress correlations appear tightly tied to topography and thus R is likely to be 283 enhanced at certain times as the mean flow moves across these regions. times. The southern jets are generally weaker, but more persistent than their northern 339 counterparts.
340
The correlated peaks in EKE and ZMKE in Figure 8a can, in each of the three cases 
368
The lag between peaks in EKE and ZMKE is explored further in Figure 10 
397
In the second domain (box Dii ), the dynamics of the eddy forcing have changed. The jet 398 core remains at the same latitude, but the topography is now dominated by a sharp valley 399 with a much shorter length scale than the broad ridge encountered in the first domain.
400
As the width of the valley (≈ 20km) is roughly the same size as the deformation radius, it tograms of isopycnal PV will be used to evaluate the spatial and temporal evolution of 428 the PV distributions below.
429
First though, Figure 12a shows a time-latitude plot of PV along the potential density considerably smoothing compared to the histograms. This transition has similarities to 460 the cycle described in section 2.2, however here the cycle occurs along the path of the 461 ACC, rather than locally over time.
462
Finally, jet formation and dissipation cycles may also impact PV structure over time in has occurred, likely associated with enhanced EKE levels. The white arrows in Figure   472 14 correspond to the gray bars in Figure 8 , which highlight periods of enhanced EKE. 
Summary & Discussion
This study has considered the low frequency variability of the ACC's fine-scale jets.
479
The study has revealed the richness in jet characteristics and dynamics. Three behaviors Figure 14 that in certain locations, the water mass 509 structure varies on long time scales and that can not be attributed to a simple meandering.
510
Thus although jets are observed everywhere within the ACC, care must be taken in the 511 local application of global jet or front definitions. This study represents a step towards 512 building a library of key dynamics that impact mixing and transport in the Southern
513
Ocean, but work remains to be done in incorporating these physical processes into global 514 theories of the Southern Ocean circulation.
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